Purpose: Removable denture hygiene care is very important for the longevity of the rehabilitation treatment; however, it is necessary to analyze the effects that denture cleansers can cause on the surfaces of prostheses. Thus, this study evaluated the effect of alkaline peroxide-effervescent tablets on the surface of cobalt-chromium alloys (Co-Cr) used in removable partial dentures. Materials and Methods: Circular metallic specimens (12 × 3 mm) were fabricated and were immersed (n = 16) in: control, Polident 3 Minute (P3M), Steradent (S), Efferdent (E), Polident for Partials (PFP), and Corega Tabs (CT). The surface roughness (μm) (n = 10) was measured before and after periods of cleanser immersion corresponding to 0.5, 1, 2, 3, 4, and 5 years. Ion release was analyzed (n = 5) for Co, Cr, and molybdenum (Mo). Scanning electron microscopy (SEM) analysis and an Energy-dispersive X-ray spectroscopy (EDS) were conducted in one specimen. The surface roughness data were statistically analyzed (α = 0.05) with the KruskalWallis test to compare the solutions, and the Friedman test compared the immersion durations. Ion release analysis was performed using 2-way ANOVA and Tukey's test. Results: There was no significant surface roughness difference when comparing the solutions (p > 0.05) and the immersion durations (p = 0.137). Regarding ion release (μg/L), CT, E, and control produced a greater release of Co ions than S (p < 0.05). CT produced a greater release of Cr ions than control, S, and P3M (p < 0.05). Finally, E caused the greatest release of Mo ions (p < 0.05). SEM confirmed that the solutions did not damage the surfaces and EDS confirmed that there were no signs of oxidation. Conclusion: The various solutions tested did not have any deleterious effects on the Co-Cr alloy surface. Steradent, however, presented the smallest ionic release.
The maintenance of oral hygiene for patients with partial removable dental prostheses (PRDP) is a challenge, as many patients have a poor understanding of the most appropriate methods of maintaining hygiene. In many cases, patients use techniques and materials that may damage their prostheses. 1, 2 When inappropriate hygiene methods are used, biofilm accumulation occurs, potentially leading to local or systemic infections and various pathologies. 3, 4 Two primary methods are used to maintain prostheses hygiene: those involving mechanical action, such as brushing and the use of ultrasound, and those involving chemical action provided by hygiene immersion solutions. [5] [6] [7] Sodium hypochlorite and alkaline peroxides are the main chemical agents used to cleanse prostheses through immersion. 2, [8] [9] [10] These solutions may be used alone or in combination with mechanical methods. Some solutions require immersion periods of short duration ranging from 3 to 20 minutes, whereas others can require immersion durations of up to 8 hours (e.g., overnight solutions). [8] [9] [10] [11] [12] Currently, alkaline peroxide-based effervescent tablets are widely used. They are available in the form of powder or tablets that make an alkaline solution of hydrogen peroxide on dissolution in water. 10 Research has reported that alkaline peroxides have a pleasant odor, 11, 13, 14 have antibacterial properties, [11] [12] [13] act as a fungicide, 14 and do not alter the surface hardness and roughness of acrylic resin or metal alloys. 5, 10, [15] [16] [17] However, with prolonged use, bleaching of the acrylic resin 10, 17, 18 and adverse effects such as changes in its surface 6, 19 have been documented. Damage to the metal surface, such as staining, gradual loss of e337 gloss, and oxidation, has also been reported. 5, 20 However, hygiene protocols for PRDP are still scarce, as few studies have investigated the adverse effects of prolonged use of hygiene solutions on metal surfaces. 2, 8, 21, 22 Therefore, the main objective of this in vitro study was to measure the effect of five alkaline peroxide denture cleaners on cobalt chrome (Co-Cr) alloy surfaces. Various immersion durations were simulated up to a period of 5 years. The adverse effects were quantified through surface roughness and ion release measures, as well as with scanning electron microscopy (SEM) and X-ray dispersion spectrometry (EDS) analyses. The null hypothesis was that the alkaline peroxides would not cause any deleterious effects on the Co-Cr surface over the evaluated 5-year time period.
Materials and methods
Ninety-six disk-shaped wax patterns (12 mm diameter × 3 mm thick) were obtained from a circular metallic matrix. Feed channels with a large sprue former ( 6 mm; Cerafix Manufacture and Trade of Waxes for Molds Ltda, Pradópolis, Brazil) and phosphate coating were then used (Micro Fine 1700; Talladium do Brasil, Curitiba, Brazil). The casting of the CoCr metal alloy (DeguDent; Dentsply Ind. and Com. Ltda, São Paulo, Brazil) was performed in an electronic vacuum induction machine with a standardized temperature of 1380°C and a constant torque centrifuge. After casting, the metal specimens were finished with 220-, 400-, 600-, and 1200-grit sandpaper (Norton Abrasives; Saint-Gobain, Vinhedo, Brazil) in a polishing machine (Arotec, Cotia, Brazil) under water cooling.
To standardize the initial surface roughness, all specimens were measured (in μm) in three areas using a surface analyzer (Surftest SJ-201P; Mitutoyo Corp., Tokyo, Japan) calibrated at a specimen length of a 0.8 mm, with a 4.0 mm percussion of measure and a speed of 0.5 mm/s. For each solution and immersion duration length, the arithmetic mean of the three measurements was calculated in μm to detect any roughness changes in the metal (Ra, μm).
The specimens were randomly distributed into one of the six groups (n = 16) based on the denture cleanser used (Table 1) . Using the surface analyzer, pre-immersion roughness was evaluated in the denture cleanser (n = 10) by the same procedures outlined for the initial standardized measurement.
Additional analyses of the surface were performed using a scanning electron microscope (EVO 50; Zeiss, Cambridge, UK) and EDS (500 Digital Processing; IXRF Systems, Houston, TX). We used a magnification of 2.00 kX to enable analysis of the microscopic composition of the specimen surface.
After all pre-immersion measurements were complete, the specimens were immersed in the cleaning solutions. The effervescent cleanser solutions were prepared by adding one tablet of each cleanser to 200 mL of warm distilled water (40°C) for 5 minutes, as per the manufacturers' instructions. The specimens were stored in an oven to maintain a constant temperature (Model DL-AF; DeLeo Equipamentos Laboratorios, Porto Alegre, Brazil). After solution immersion, each test specimen was washed with distilled water for 10 seconds to avoid any residual effects of the products used. The immersions simulated a hygiene procedure of 5 minutes of daily immersion for 5 years. According to Unlü et al, 23 each effervescent tablet has a maximum efficacy of 8 hours. Thus, the exchanges were performed after 8 hours, corresponding to immersion for 3 months. The periods related to 0.5 year, 1, 2, 3, 4, and 5 years, totaling 160 hours of immersion (20 cycles of solution exchange) were evaluated. 10, 16 Surface roughness measurement Surface roughness measurements were performed using the same method used for pre-immersion measurement at the following times: T1, after simulated period of 180 days; T2, after simulated period of 1 year; T3, after simulated period of 2 years; T4, after simulated period of 3 years; T5, after simulated period of 4 years; T6, after a simulated period of 5 years.
Ion release
The ion release analysis was performed using inductively coupled plasma mass spectrometry (ICP-MS). The spectrometer was calibrated to recognize only the cobalt (Co), chromium (Cr), and molybdenum (Mo) isotopes and to quantify them (in μg/L) in the so-called "empty" (initial) and experimental solutions. This allowed for the direct comparison of the ion release measured for the specimens from each experimental group. 
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Data analysis
Statistical analyses were performed using the IBM SPSS Statistics 20 software package. The surface roughness data were not normally distributed; therefore, the Kruskal-Wallis test was used to compare the different solutions, and the Friedman test was used to compare the different immersion durations. As the ion release data were normally distributed, 2-way ANOVA and Tukey's test were used. For all tests, an α of 0.05 was used to establish statistical significance.
Results
Based on the Kruskal-Wallis and Friedman tests, there was no statistically significant surface roughness difference for the factors evaluated (solutions and time) (Tables 2, 3 ). The SEM analysis showed that all solutions were successful in removing dirt particles, and none produced signs of corrosion (Fig 1) . Furthermore, there were no signs of oxidation, as revealed by the electron concentration count obtained with the EDS electromicrograph analysis. The marginal increase in the chemical elements observed before and after the immersion, which can be visualized in the qualitative analysis of the element mass, falls within the acceptable measurement error specific to the equipment used (Table 4) . The ANOVA and Tukey's test showed that Co ion release was significantly higher with Corega Tabs, Efferdent, and control solutions than with the Steradent solution (Table 5) 
Discussion
This study evaluated the potential adverse effects of five alkaline peroxide-based solutions on Co-Cr metal surfaces for a simulated immersion period of 5 years. According to the results, the null hypothesis was confirmed, since the solutions did not adversely affect the metal surface over the 5-year simulation period.
The longevity of the rehabilitation treatment is directly related to the maintenance and hygiene of the prostheses, which in turn depends on the hygiene maintenance performed by prostheses users. 1, 2, 4, 6 Unsatisfactory hygiene leads to the accumulation of food residue and may eventually affect the mechanical properties of the prosthesis materials and the health of the oral mucosa. 1, 2, 6, 12, 19 Alkaline peroxide solutions are commonly indicated and widely used by denture wearers. 8, 12 However, the full extent of the adverse effects caused by denture cleansers remains unclear. While some studies show the absence of clinically relevant adverse effects on the surface of the prosthesis, 1, 7, 9, 10, 19 others have shown that these solutions may promote metal staining, loss of gloss, 5, 20 bleaching of the acrylic resin, 10, 17, 18 change in surface roughness, 5, 16, 19, 20, 24 or resin hardness. 15 Bollen et al 24 reported a direct relationship between surface roughness and microorganism retention and suggested that a minimum roughness of 0.2 μm is required for microbial adhesion, which is now the clinically accepted minimal value. 24 Therefore, one of the main goals of this study was to ascertain that surface roughness was always within acceptable limits after a proper and standardized polishing of the metal structure. 24 Surface measurements were performed before the initial immersion using the surface analyzer and confirmed that all metallic specimens presented surface roughness measurements between 0.04 and 0.06 μm.
In this study, the Co-Cr alloy surface roughness remained unaltered over time after immersion in alkaline solutions. This finding is consistent with the results of Garcia et al, 15 who showed that the Polident 3-Minute cleanser was effective and did not cause deleterious surface effects on either the resin or the metal alloy. In addition, Felipucci et al 16 showed that immersions of Co-Cr metal specimens in Polident 3-Minute cleanser and Corega Tabs solutions did not change surface roughness; however, their analyses were limited to shorter simulations of only 29 and 180 days, respectively. In contrast, while Jeyapalan et al 19 found no surface change after immersing Co-Cr metal specimens in sodium perborate solution (Clinsodent) for 56 hours, they found significant roughness changes after 120 and 240 hours. According to them, however, the absence of standardized polishing procedures for the specimens may have contributed to the change in surface measurements. Furthermore, although there was no increase in surface roughness found in the present study, all the values obtained throughout the experiment were below the recommended values in the another article. 24 The complementary analysis provided by SEM and EDS confirmed that the cleansers did not cause any deleterious effects to the surface topography of the evaluated metal specimens. All solutions were equally successful at removing dirt particles from the polishing; however, although a standard polishing of the metal specimens was performed to simulate the polishing of a PRDP in a prosthesis laboratory, some initial imperfections of topography, not detected visually, were identified by means of SEM micrographs.
A quantitative analysis (% of mass) of the chemical elements (Co, Cr, Mo, O) by EDS performed before and after the immersion confirmed that there was no significant increase of any of the analyzed chemical elements, including oxygen, providing further evidence that there was no surface change. When analyzing the ion release after immersions, it was confirmed that there was a generalized increase in the amount of Co, Cr, and Mo ions, the main constituent elements of the Co-Cr alloy. Similar findings were reported in a previous study by Felipucci et al 20 who demonstrated a generalized release of metal ions in alkaline peroxide solutions, even for a short simulation period of 180 days. Therefore, dentists should, whenever possible, opt for dental alloys and cleansers that promote less ion release, 25 since solutions that cause greater ion release tend to promote corrosion or oxidation of the metal alloy. 20 The present in vitro study did not accurately reproduce the conditions of denture cleansing, since the presence of biofilm could influence the action of these cleansers on metallic surfaces. 22 Furthermore, immersion cleaning is often combined with brushing; however, this was not performed in this e340 
Conclusion
Based on the findings of the present study, it may be concluded that the different cleansers evaluated did not cause any adverse effects on the metallic surface of the Co-Cr alloy and that they can, therefore, be safely used for hygiene maintenance of PRDPs.
